The incidence of shoulder arthroplasty has shown a gradual increase for the past 10 years and is still increasing. With advancement in surgical techniques and prosthetic designs, the lifespan of implants has been improving and the indications of shoulder arthroplasty have expanded to include younger populations. Consequently, the number of revision surgeries has also been increasing due to early and late complications after shoulder arthroplasty. Total shoulder arthroplasty (TSA) has been frequently used as a revision surgery, but relatively unsatisfactory outcomes have been reported in many studies,[@B1][@B2][@B3] especially due to soft tissue dysfunction or glenoid loosening, instability, or infection.[@B4][@B5] Meanwhile, the prevalence of reverse TSA (RTSA) as a salvage procedure for failed primary anatomical prosthesis or reverse prosthesis has also been increasing.[@B6] Although RTSA can be a good treatment option after failed arthroplasty, concerns emerged over the fact that outcomes of revision RTSA are less favorable than those of primary RTSA and that its complication rates are high.[@B7] Austin et al.[@B8] reported on a comparison between 28 cases of primary RTSA and 28 cases of revision RTSA, in which clinical outcomes and range of motion (ROM) were poorer in revision RTSA than in primary RTSA, with a complication rate of 36%. However, several recent studies have reported satisfactory outcomes of revision RTSA as a salvage procedure. Flury et al.[@B9] performed revision RTSA on 21 cases of rotator cuff dysfunction that occurred after TSA and reported improved postoperative ROM and pain with a high satisfaction rate of 84% for 46 months of follow-up. Patel et al.[@B10] performed revision RTSA on 31 cases of failed shoulder arthroplasty and reported improvement in all postoperative outcomes, with a high satisfaction rate of 82.2% for 40.7 months of follow-up. The objective of the present study was to report the initial clinical outcomes in patients who received revision RTSA as a salvage procedure for failed prior arthroplasty. We believed that postoperative pain relief and functional improvement could be achieved.

METHODS
=======

Final approval of exemption from review by the Kyung Hee University Hospital Institutional Review Board was obtained because this study was retrospective in nature (No. 1605-12).

Patient Selection
-----------------

We retrospectively reviewed 7 patients who underwent RTSA for revision surgery among 142 patients who were treated with reverse shoulder arthroplasty (RSA) between April 2008 and June 2014. The mean age of the patients at the time of operation was 75.5 years (range, 70 to 80 years), and the mean follow-up period was 22.1 months (range, 12 to 54 months). Five of the included patients were female. Four patients had the revision surgery on the right shoulder, and 3 had it on the left shoulder. The cause for undergoing primary arthroplasty was proximal humerus fracture in 3 patients, cuff tear arthropathy in 2 patients, humeral head avascular necrosis in 1 patient, and rheumatoid arthritis in 1 patient ([Table 1](#T1){ref-type="table"}). The mean interval between the initial and revision operations was 52 months (range, 27 to 120 months).

Preoperative and Postoperative Evaluations
------------------------------------------

All patients underwent preoperative physical examinations, and postoperative clinical evaluations were performed regularly at 3 months, 6 months, and 12 months after surgery and annually thereafter in the outpatient clinic. Last follow-up values were compared with preoperative values. Subjective pain level was assessed by using the visual analogue scale (VAS) for pain, and rotator cuff muscle strength was measured by using a portable, handheld Nottingham Mecmesin myometer (Mecmesin Ltd., Nottingham, UK). Muscle strength during forward flexion was measured in 90° forward flexion on the scapular plane while sitting in a chair, and muscle strength during external and internal rotations was measured with the shoulders in neutral position and the elbows flexed at 90°. Shoulder joint ROM was evaluated based on the preoperative and postoperative forward flexion, external rotation, internal rotation, and external abduction data. Assessment of clinical functions was conducted by using the Constant score[@B11] and the shoulder rating scale of the University of California at Los Angeles (UCLA).[@B12] Subjective satisfaction was assessed at the final follow-up, and the levels of satisfaction were divided into very satisfied, satisfied, not better and not worse, and worse. In all patients, the anteroposterior view of the glenohumeral joint and the axillary view were obtained preoperatively and postoperatively, as well as at each follow-up visit. In the preoperative radiological examination, loosening of the humeral and glenoid components and glenohumeral instability were identified. Humeral component loosening, glenoid base plate loosening, scapular notching, and hardware failure were identified in the most recent follow-up. The degree of lateralization of the humeral component was determined by measuring the preoperative and postoperative transverse distance between the greater tuberosity and the center of rotation. In addition, the degree of distalization of the humeral component was determined by measuring the preoperative and postoperative vertical distance between the greater tuberosity and the acromion. Humeral component loosening was assessed according to the criteria presented by Sperling et al.,[@B13] while glenoid loosening was determined according to the criteria presented by Lazarus et al.[@B14]

Operative Techniques
--------------------

The senior author (YGR) performed all the operations under general anesthesia in a beach chair tilted by 60°. For prosthesis, the Aequalis system (Tornier, Montbonnot Saint Martin, France) was used in 3 of 7 patients, the Biomet system (Biomet, Warsaw, IN, USA) was used in 3 patients, and Biomet and Aequalis systems were used for the glenoid and humeral components, respectively, in 1 patient. The skin incision made in the previous surgery was used, and the operation was performed via the deltopectoral approach in all patients. The humeral stem was removed in 6 of 7 patients, of whom 2 required anterior corticotomy and vertical humeral osteotomy. In the patients who underwent vertical humeral osteotomy, after removal of the previous humeral stem, a Tornier humeral long stem was inserted, and wiring was added ([Fig. 1](#F1){ref-type="fig"}). In one patient who did not undergo humeral stem removal, revision surgery was performed after an adapter was inserted, as there was no humeral stem loosening ([Fig. 2](#F2){ref-type="fig"}). In 4 patients who showed a glenoid cavitary defect on preoperative three-dimensional computed tomography (3DCT), a Biomet screw-type baseplate was inserted, with 1 patient additionally receiving a simultaneous iliac bone graft. In the other 3 patients, an Aequalis peg-type baseplate was inserted. In all patients, tension in the deltoid and conjoined tendons was checked as well as tension during humeral longitudinal traction and dislocation during external rotation with a trial cup. The subscapularis was already lost in 6 of the 7 patients, and subscapularis repair was possible in only 1 patient. After standard wound closure, the arm was placed in a "hand shake" orthosis.

Postoperative Rehabilitation
----------------------------

Postoperatively, patients were immobilized in a "hand shake" orthosis for 6 weeks. On the day after the operation, passive pendulum exercise and exercises for the elbow, wrist, and hand were performed. After 6 weeks, active forward flexion was allowed after removal of the orthosis. Resistance exercise was recommended from 12 weeks after the operation.

Statistical Analysis
--------------------

The IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA) was used for comparative analysis of the results, and the results were analyzed by using the Wilcoxon signed-rank test. Results were determined to be statistically significant at *p* \< 0.05.

RESULTS
=======

The cause of revision surgery was infection in 2 patients, humeral stem loosening in 2 patients, glenoid arthropathy in 2 patients, and glenoid loosening in 1 patient. RTSA was performed as a one-stage revision surgery in 5 patients and second-stage revision surgery in 2 patients with infection.

Clinical Results
----------------

The mean VAS score during motion decreased from 7.3 preoperatively to 2.1 at the last follow-up (*p* = 0.03). Forward flexion improved from 62.1° preoperatively to 92.8° postoperatively (*p* = 0.091), abduction from 70° to 87.1° (*p* = 0.248) and external rotation from 44.2° to 47.4° (*p* = 0.345). Internal rotation improved from a spine level of L5 to L4 (*p* = 0.595). Although the differences were not statistically significant, postoperative ROM showed an increase from the preoperative ROM. On the assessment of muscle strength, the preoperative and postoperative mean values were respectively 2.5 kg and 6.5 kg for forward flexion, 4 kg and 6 kg for external rotation, and 2.8 kg and 7.4 kg for internal rotation, showing improvements ([Table 2](#T2){ref-type="table"}). On the activities of daily living, the preoperative and postoperative values were respectively 1.8 and 2.0 for putting on a coat (*p* = 0.463), 1.4 and 1.6 for washing the back (*p* = 0.631), 2.0 and 2.1 for using a back pocket (*p* = 0.797), 1.9 and 2.0 for managing the toilet (*p* = 0.638), 1.9 and 2.3 for combing hair (*p* = 0.352), 1.4 and 2.0 for reaching to a high shelf (*p* = 0.453), 1.2 and 1.1 for lifting 10 lb above the shoulder (*p* = 0.434), 1.9 and 2.0 for washing the opposite axilla (*p* = 0.356), and 1.8 and 2.2 for bringing the hand to the mouth (*p* = 0.154). The results showed overall improvement with the exception of lifting 10 lb above the shoulder. However, the levels of improvement were small and statistically insignificant ([Table 3](#T3){ref-type="table"}).

The UCLA score was 12.8 preoperatively and 22.8 postoperatively (*p* = 0.027). The Constant score increased from 44.8 to 57.1 (*p* = 0.018), showing statistically significant difference. The subjective ratings of satisfaction showed that of the 7 patients, 5 were very satisfied or satisfied and 2 were unsatisfied. Of the patients who were unsatisfied, the mean active forward flexion was 48.5° and the mean Constant score was 31. Of the 2 patients who were unsatisfied, 1 had radial nerve palsy and lymph edema because of postoperative complications that occurred immediately after the operation. Radial nerve palsy was speculated to have occurred as the increase in the size of exploration caused traction in the surrounding structures. However, the patient showed improvement at 5 months of postoperative follow-up. Active forward elevation of the patient was restricted to 60°, and the Constant score was 28. The patient had received a mastectomy on the same side 9 months earlier, which was suspected to have caused the postoperative lymph edema and persistent pain by blocking the lymphatic channel of the incision site. The other patient who was unsatisfied with the clinical outcome had received a second-stage revision due to deep infection, and the causal bacterium was identified to be methicillin-resistant *Staphylococcus aureus*. We speculate that being unsatisfied may be attributed to the length of time required for the revision, as it took 6 months to remove the implant, control the infection, and then finally perform the second revision.

Radiological Results
--------------------

In the preoperative radiological evaluation, 2 patients showed loosening around the humeral stem, 3 patients showed superior instability, 2 patients showed glenoid arthritis, and 1 patient showed glenoid loosening. In the postoperative radiological evaluation, no radiolucency was observed around the base plate or humeral stem, and grade I scapular notching was observed in 3 patients. The postoperative humeral component showed a mean distalization of 23 mm and a mean medialization of 18 mm. No postoperative instability or dislocation was observed.

DISCUSSION
==========

The number of shoulder arthroplasties performed has been increasing each year.[@B15] As the number of primary arthroplasty increases, the need for revision arthroplasty is also increasing.[@B16] Prior to the introduction of RTSA by Paul Grammont in 1985, resection arthroplasty, arthrodesis, and conversion to hemiarthroplasty had been performed as a salvage procedure for failed arthroplasty, but they failed to show reliable pain relief or functional improvements.[@B17][@B18][@B19] RTSA can be used for revision surgery for failed TSA. Walker et al.[@B20] reported that after revision RTSA on 22 patients with failed TSA, pain was relieved and functional outcomes were improved with a decrease in VAS score (from 5 preoperatively to 1.5 postoperatively) and an increase in American Shoulder and Elbow Surgeons (ASES) score (from 38.5 preoperatively to 67.5 postoperatively). In particular, forward flexion showed an increase from 50° preoperatively to 130° postoperatively, resulting in 89% of the patients being satisfied with the outcome.[@B20] Kelly et al.[@B21] also performed revision RSA in 30 patients, where the final follow-up showed increases in Constant score from 24 preoperatively to 65 postoperatively and in ASES score from 55 preoperatively to 72 postoperatively. Moreover, they observed an improvement in ASES pain score from 6.6 preoperatively to 1.6 postoperatively. As 24 of 30 patients (80%) were shown to be very satisfied or satisfied, RSA was reported to be potentially effective as a salvage procedure for failed arthroplasty. Results of revision RSA can vary depending on the kind of primary arthroplasty performed.[@B8] Levy et al.[@B22] performed revision surgery on 29 cases of failed hemiarthroplasty due to glenoid erosion, and 24-month follow-up monitoring showed an increase in ASES score from 22.3 preoperatively to 57.5 postoperatively and an improvement in SST score from 0.9 preoperatively to 2.6 postoperatively, indicating that RSA was an effective salvage procedure. However, complications occurred in 6 patients (32%) and glenoid bone loss after humeral hemiarthroplasty was located primarily in the posterior glenoid, making stable fixation of the base plate for glenoid challenging. Thus, they stated that preoperative CT should be used to identify posterior erosion for determining whether a bone graft is required.[@B22] Moreover, as attempting to remove enough cement from the glenoid side to obtain viable bone bleeding glenoid can increase the risk of cavitary defect, the number of cases that require glenoid bone graft also inceases.[@B20] In the present study, strut iliac bone graft was performed in 1 patient due to sizable glenoid bone loss after the glenoid component was removed. Revision RTSA for failed RSA was reported to yield less favorable outcomes than revision RTSA for other arthroplasties, because second-stage revision surgery was needed due to infection in majority cases.[@B23] The present study also showed that patients who underwent second-stage revision RTSA after implant removal due to infection at 6 months after the initial RSA at another medical institute showed much less favorable clinical outcome and lower subjective satisfaction than the other patients. Recently, as a platform system composed of a versatile humeral stem and metal back glenoid can be used during revision RTSA for failed TSA, the operation can be performed conveniently without removal of the humeral stem and result in lower complication rates.[@B24] In one of our cases, conversion RTSA was performed by inserting only the adapter without removing the humeral stem due to the humeral component of the hemiarthroplasty being firmly fixed, and thus the operation time was reduced. In this patient, VAS score decreased from 6 preoperatively to 1 postoperatively. UCLA score increased from 11 preoperatively to 21 postoperatively, Constant score increased from 17 preoperatively to 34 postoperatively. However, preoperative forward flexion of 0° improved only to 20° postoperatively, which made active exercise mostly impossible. The reason for this was speculated to be the diminished function of the deltoid caused by excessive detachment of the deltoid muscle insertion during the adapter insertion process due to the adapter not being inserted well for being too thick. Complications that can occur after revision RTSA include scapular notching, instability, infection, aseptic glenoid loosening, humeral fracture, and nerve palsy.[@B6] In the present study, 1 patient experienced temporary radial nerve palsy.

Flury et al.[@B9] reported results of revision RTSA: there was a statistically significant improvement in ROM, but active flexion/abduction were approximately 90°, which was not comparable to the results of primary RTSA. In addition, they mentioned that although the VAS score for pain decreased from 8.7 to 3.0, the final VAS score was 3, indicating that pain still lingered postoperatively. Despite this, patient satisfaction reached 84%, suggesting that preoperatively severe ROM limitation and extreme pain can offset unfavorable postoperative outcome. The present study also showed that the ROM and VAS score after the revision RTSA improved less than expected. Nevertheless, 5 of the 7 patients indicated very satisfied or satisfied in their subjective rating of satisfaction of the clinical outcome. Therefore, the authors also speculate that severe preoperative pain and ROM limitation affected postoperative satisfaction. The limitations of the present study include the fact that it was retrospectively conducted with a small sample size. However, because revision shoulder arthroplasty cases are not common, and revision RTSA is even less common, we believe that this can be overcome by more experience. However, we can claim that one of the advantages of the study was that all the operations were performed by the same surgeon.

In conclusion, revision RTSA can yield pain relief; however, improvements in motion and function were difficult to achieve. Although ROM or functional outcome were improved from preoperative levels, the improvements were not as significant as expected. Patients were satisfied with the outcomes despite low function score, which is likely to be related to severe preoperative pain and preoperative ROM limitation.
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![The patient underwent conversion from total shoulder arthroplasty to reverse total shoulder arthroplasty. (A) Initial preoperative radiograph showing superior migration of the prosthesis and radiolucency around the glenoid component. (B) Strut iliac bone graft and screw-type baseplate were implanted to achieve stable fixation of the glenoid component.](cios-9-200-g001){#F1}

![(A) Preoperative radiograph showing the glenoid arthrosis. (B) The patient was managed with reverse total shoulder arthroplasty by using an adapter without revision of the humeral stem because it was securely fixed in the humerus.](cios-9-200-g002){#F2}

###### Demographic Characteristics of Patients Who Underwent Revision Reverse Total Shoulder Arthroplasty

![](cios-9-200-i001)

  Case   Sex/age (yr)   Initial diagnosis   Primary arthroplasty   Revision cause        Revision interval (mo)   Follow-up (mo)
  ------ -------------- ------------------- ---------------------- --------------------- ------------------------ ----------------
  1      Female/80      CTA                 HA                     Stem loosening        27                       14
  2      Male/76        CTA                 HA                     Infection             32                       27
  3      Female/75      AVN                 HA                     Glenoid arthropathy   48                       54
  4      Female/72      Fracture            HA                     Stem loosening        87                       18
  5      Female/80      RA                  TSR                    Glenoid loosening     120                      16
  6      Female/70      Fracture            HA                     Glenoid arthropathy   30                       14
  7      Male/76        Fracture            RSA                    Infection             27                       12
  Mean   75.5           \-                  \-                     \-                    52.8                     22.1

CTA: cuff tear arthropathy, HA: hemiarthroplasty, AVN: avascular necrosis, RA: rheumatic arthritis, TSR: total shoulder arthroplasty, RSA: reverse shoulder arthroplasty.

###### Preoperative and Postoperative Range of Motion and Muscle Strength

![](cios-9-200-i002)

  Variable                 Preoperative   Postoperative   *p*-value
  ------------------------ -------------- --------------- -----------
  Range of motion                                         
   Forward flexion (°)     62.1           92.8            0.091
   Abduction (°)           70             87.1            0.248
   External rotation (°)   44.2           47.4            0.345
   Internal rotation       L5             L4              0.595
  Muscle strength (kg)                                    
   Forward flexion         2.5            6.5             0.352
   External rotation       4              6               0.245
   Internal rotation       2.8            7.4             0.647

###### Preoperative and Postoperative Activities of Daily Living

![](cios-9-200-i003)

  Variable                           Preoperative (0 to 3)   Postoperative (0 to 3)   *p*-value
  ---------------------------------- ----------------------- ------------------------ -----------
  Putting on a coat                  1.8                     2.0                      0.463
  Washing the back                   1.4                     1.6                      0.631
  Using a back pocket                2.0                     2.1                      0.797
  Managing the toilet                1.9                     2.0                      0.638
  Combing hair                       1.9                     2.3                      0.352
  Reaching to a high shelf           1.4                     2.0                      0.453
  Lifting 10 lb above the shoulder   1.2                     1.1                      0.434
  Washing the opposite axilla        1.9                     2.0                      0.356
  Bringing hand to mouth             1.8                     2.2                      0.154
